As a test of the hypothesis that elevated titers of viral antibodies in patients with chronic fatigue syndrome (CFS) are due to a nonspecific polyclonal immune response, antibodies to Epstein-Barr virus (EBV), human herpesvirus 6 (HHV-6), and 14 enteroviruses in 20 patients with CFS and 20 age-and gender-matched controls were simultaneously measured. Similarly, titers ofIgG to herpes simplex virus (HSV) types 1 and 2 were measured in 18 ofthese cases and in the respective controls. IgG to EBV viral capsid antigen (VCA) was present at titers~1:320 in 55% of cases vs. 15% of controls (P = .02). The geometric mean titers of early antigen antibody to EBV, HHV-6 IgG, and HSV-l and HSV-2 IgG were not significantly different among cases and controls. Of the 14 enteroviral antibodies tested for, only those to coxsackieviruses BI and B4 were present at significant titers (~1:8) in cases vs. controls (P = .02 and P = .001, respectively). Of the cases, 19 (95%) had either an EBV VCA IgG titer~1:320 or a coxsackievirus Bl or B4 antibody titer~1:8, a percentage significantly higher than that of controls (40%; P = .0004). Titers of EBV VCA IgG and coxsackievirus BI and B4 antibodies were simultaneously elevated in only 20% of cases. There was no correlation between elevated titers ofEBV VCA IgG and IgG to HHV-6, HSV-I, and HSV-2 or antibody to coxsackieviruses Bl and B4 in the cases. The prevalence of reported allergies to medications or other substances was identical in both groups (60%). These findings suggest that in the majority of cases of CFS, elevation of viral antibody titers is not due to a nonspecific polyclonal immune response.
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The chronic fatigue syndrome (CFS) is a disease of unclear origin. Some studies have found a correlation between high titers ofantibody to Epstein-Barr virus (EBV) and this condition [1-4], while others have noted its association with antibodies to human herpesvirus 6 (HHV-6) [4] , herpes simplex virus type 2 (HSV-2) [2] , and enteroviruses [5] [6] [7] . Although the exact cause of elevated titers of viral antibodies in patients with CFS has not been determined, activation of a nonspecific polyclonal immune response has been postulated as a possible mechanism [2, 8] . To test this hypothesis, I simultaneously measured the titers ofantibodies to 18 common viruses (EBV, HHV-6, HSV-l, HSV-2, and 14 enteroviruses) in patients with CFS and compared them with those of age-and gender-matched controls.
Materials and Methods
Patients. During the period 1989-1992, 51 patients were evaluated for chronic fatigue by the author, an in-fectious disease physician in private practice in suburban St. Louis. Of these, 19 (37%) met the diagnostic criteria for CFS as proposed by the Centers for Disease Control and Prevention [8] and underwent viral serological testing, performed primarily by the author (i.e., testing had not been previously performed by other physicians through other laboratories). One other patient with unexplained chronic fatigue met the criteria for CFS except that the fatigue reduced her daily activities to 75% (instead of~50%) of the baseline. This patient was also included in the study, bringing the total number of cases to 20.
Controls. Twenty controls were selected from among healthy individuals working at St. John's Mercy Medical Center (St. Louis) and their acquaintances and were matched with the cases by age (±5 years) and gender. All controls were personally interviewed by the author and specifically denied having chronic fatigue or any other significant symptoms; the results of physical examination were normal. In addition, reported allergies to medications or other substances were recorded.
Serologies. [8] .
of EBY EA antibody for the two groups was of marginal statistical significance (33.8 for cases vs. 48.6 for controls: P = .08). EBY nuclear antigen antibody was found at levels I:40 in 12 (60%) of the cases and 16 (80%) of the controls: this difference was not statistically significant (P = .30).
HHV-6 serologv. The distribution ofHHV-6 IgG in cases and controls is shown in figure 2 . All cases and controls had a detectable (~I: 10) titer of HHY-6 IgG (geometric means. 211 and 164, respectively): this difference was not statistically significant (P = .54). Of the cases. 12 (60%) had HHY-6 IgG titers~I: 160; an identical number of controls had such titers. HHY-6 IgM antibody was undetectable (titer. < 1:20) in all cases and controls.
HSV-I and HSV-llgG. HSY-I IgG was present (at titers I: 10) in 10 cases (56%) vs. eight controls (44%): this difference was not statistically significant (P = .74). Titers ofHSY-I IgG were elevated (~l: 320) in 10 (56%) of the cases vs. seven (39%) of the controls (P = .51). The geometric mean titers ofHSY-1 IgG for the two groups were not significantly different (516 for cases vs. 334 for controls; P .27). HSY-2 IgG was present (at titers~I: 10) in II (61 c;f!) of the cases vs. six (33%) of the controls; this difference was not statistically significant (P = .18). HSY-2 IgG was present at titers~I:320 virus B (types 1-6), and echovirus (types 4,9, II, and 16) serologies were performed by the Nichols Institute Reference Laboratories (San Juan Capistrano, CA) by complement fixation. All serum samples from controls were sent to the respective labs simultaneously. The sera from cases were usually obtained and tested by these laboratories at the time of each patient's initial visit. No attempt was made to independently confirm the reproducibility of test results of the various laboratories.
Statistical considerations. For calculation of the geometric means, antibody titers less than the threshold for detection were assigned a value of I, and those reported as greater than or equal to the maximal titer tested were assigned the maximal titer. Statistical analyses included Welch's alternate t-test (two-tailed), Fisher's exact test, and Pearson correlation test and were performed with the use of GraphPad InStat software (San Diego, CA). A Pvalue of <.05 was considered statistically significant.
Results
Profile of cases and controls. Twenty patients with CFS underwent serological testing for EBY, HHY-6, and 14 enteroviruses; all except two also underwent testing for HSY-I and -2 IgG. The age range of the patients at the time of testing was 16-53 years, with a mean age of 36.2 years. Of the cases, 19 (95%) were White and one was Asian. Seventeen (85%) were female. The frequency of CFS signs and symptoms in the patients (according to CDC criteria) is shown in table I. The median duration of symptoms before testing was 27 months (range, 5-240 months). All controls were White and were 18-51 years of age, with a mean age (36.9 years) similar to that of the cases. Although this characteristic was not specifically matched for, all cases and controls belonged to middle or upper socioeconomic classes and were thus representative of the population served by the investigator.
EB V serology. The distribution of EBY viral capsid antigen (YCA) antibody and early antigen (EA) antibody (restricted) in cases and controls is shown in figure I . The geometric mean titer of EBY YCA IgG in cases was higher than that in controls (544 vs. 180), and this difference reached statistical significance (P = .0 I). The geometric mean titer of EA antibody (restricted) in cases was not significantly different than that in controls (56 vs. 23; P = .15). EA antibody (diffuse) was present at titers~I: lOin none of the cases and five (25%) of the controls; this difference was statistically significant (P = .047).
Of the cases, II (55%) had EBY YCA IgG titers~1:320, compared with three (15%) of the controls; this difference was statistically significant (P = .02). Similarly, nine (45%) of the cases had EBY YCA IgG titers~I:640, compared with one control (5%); this difference also was statistically signifi- (75) 17 (85) 16 (80) 15 (75) 12 (60) II (55) 2 (10) 12 (60) 10 (50) 8 (40) 16 (80) figure 3 . Except for titers of antibody to coxsackieviruses B I and B4, there was no statistically significant difference in the antibody titers among cases and controls. Serum antibodies to coxsackieviruses B I and B4 were present at titers~1:8 in 15 (75%) and 9 (45%) of the cases vs. 7 (35%) and none of the controls, respectively (figure 4); these differences were statistically significant (P = .02 and P = .00 l , respectively).
Serum antibody to echovirus 16 was present at titers~1:8 in 12 (60%) of cases vs. five (25%) of controls; this difference was of marginal statistical significance (P = .054). There was no statistical significance in the frequency of higher (~I: 16) titers of specific enteroviral antibodies in cases vs. controls (data not shown).
Combination serology. The prevalence of significant serum levels of antibody to viruses statistically associated with the cases in this study is shown in table 2, in which data regarding individual viruses as well as combinations are detailed. Of the cases, 19 (95%) had an EBY YCA IgG titer of 1:320 or a positive (~I :8) titer of antibody to coxsackievirus B I or coxsackievirus B4. This rate was significantly higher than that among the controls (40%; P = .0004). Similarly, 17 (85%) of the cases had EBY YCA IgG at a titer I :320 or a positive titer of coxsackievirus B4 antibody, whereas only three (15%) of controls had such antibody titers; this difference was highly significant (P < .000 I). Anti- Reported allergies. Six (30%) of the cases vs. five (25%) of the controls reported a drug allergy (table 3); this difference was not statistically significant. There was also no significant difference between rates of allergies to substances other than drugs reported by cases and controls. The rate of allergies to drugs and other substances was identical in both groups (60%). Echovirus of EBY EA antibody was not statistically higher in patients with CFS than in controls. In fact, EBY EA antibody (diffuse) was more likely to be present in the controls. Similarly, this study revealed no significant association between HHY-6 IgG levels and CFS, a finding supported by some investigators [2] but not others [4] . There was also no significant association between HSY-I and HSY-2 antibody levels and CFS.
Discussion

Controls
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It is of interest that ofthe 14 enteroviral antibodies tested for, only antibodies to coxsackieviruses Bland B4 were significantly associated with CFS; such an association between these viruses and CFS has been previously suggested [7] . Although none of the antibodies for which serological tests were performed (EBY YCA IgG and coxsackievirus BI and B4 antibodies) was present in >75% of cases at significantly elevated titers, 95% of patients with (TS (vs. 40()( of controls) had a significantly elevated titer of antibody to at least one of these viruses. Similarly. 859{ of patients with CFS (vs. 15% of controls) had elevated levels of antibody to ERY YCA or coxsackievirus B4. Simultaneously elevated levels of antibody to EBY YCA and coxsackieviruses B I and B4 were found in no more than 20% of cases, however
The relative infrequency of simultaneously high levels of antibody to the above viruses and the general lack of a positive correlation between various titers do not support the hypothesis that a nonspecific polyclonal immune response is the explanation for high levels of antibody to these viruses in many patients with CFS. Rather, the data from this study suggest that in the majority of patients. the titers of antibod- ies to only one or a few of the viruses associated with CFS are elevated. This finding is in contrast to that of another study [2] , in which investigators noted that titers of antibodies to several non-EBY viruses such as cytomegalovirus, HSY-2, and measles viruses were higher in patients with CFS than in controls. However, the patients in that study had been ill for a shorter period (median, 4 months), and their characteristics might have been less homogeneous since the definition of CFS had not yet been standardized. Furthermore, the percentage of patients with concurrently elevated viral antibody titers was not reported in that study.
As has been noted in other investigations [9, 10] , a high percentage (60%) of patients with CFS in this study reported an allergy to drugs or other substances. However, a similar percentage of the controls also reported such allergies, a circumstance which further emphasizes the importance of including a control population when performing studies involving patients with CFS.
Several limitations of this study deserve further discussion. First, even though sera from cases and controls were tested by the same laboratories with only a few exceptions, they were not tested concurrently, thus raising the possibility of Cases (11 == 20) Controls (11 == 20)
day-to-day intralaboratory variations (which would account for at least some of the differences observed in the results between the two groups). However, this would not affect characterization of the simultaneous antibody response against multiple viruses in each group. Second, because of the large number of comparisons and analyses performed, the possibility of significant findings occurring by chance alone should be considered. Third, the small sample size of the study allowed the detection of only large differences in antibody titers between the cases and the controls. For example, with the study sample size of 40, the probability (power) of detecting a minimal difference of 15 between reciprocal geometric means of EBV EA antibody at an estimated standard deviation of 20 is no more than 80%. To improve the power of the study to 95% for detecting the same reciprocal geometric mean difference between the two groups while maintaining an alpha error of 0.05, a study sample size of94 would have been necessary. It is noteworthy, however, that other investigators [ II] have found significant differences in EBY EA antibody titers in patients with CFS and controls with use ofa study sample similar in size to that in this study. Last, since this was not a longitudinal study, the antibody profiles described above may have changed because offluctuations in antibody titers over time.
In conclusion, although this was a small study, the lack of simultaneously high levels of antibody to many common viruses does not support the theory that a polyclonal immune reaction is the cause of elevated titers of viral antibodies in patients with this condition. Further studies are needed to establish the cause of elevation of titers of viral antibodies to specific viruses in patients with CFS.
* P value (Fisher's exact test) was not significant (>.05) in any comparison between cases and controls.
t Includes food and inhalation allergies.
